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Item  20  concluded:  Concentrations  of  2000  ppm  TAGN  and  above  resulted  in  the 
death  of  almost  all  adult  Drosophila.  Concentrations  of  these  levels  are  con- 
sidered to  be  relatively  high,  however,  for  practical  use.  Therefore,  TAGN 
appeared  to  be  relatively  non-toxic  to  Drosophila. 
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INTRODUCTION 


The  Air  Force  is  considering  the  use  of  triaminoguanidine  nitrate  (TAGN) 
in  future  gun  propellants,  especially  for  high-density  projectiles.  Very 
little  environmental  or  toxicological  information  is  available  for  this 
compound.  In  anticipation  of  the  requirement  for  environmental  assessments 
as  this  new  propellant  material  goes  through  development  and  testing  and 
possibly  into  production,  this  project  was  initiated  to  provide  a portion 
of  the  data  required  for  the  assessment. 

TAGN  is  a white  crystalline  powder  with  a molecular  weight  of  167.139 
(Reference  1) . 


+ 

N - NH, 

u 3 

NO. 

H^N  - NH  - C - NH^ 

3 

No  information  about  the  toxicity  of  TAGN  has  been  found  in  the  lit- 
erature since  it  is  an  infrequently  used  compound.  Consequently,  a research 
plan  was  initiated  to  determine  the  toxicological  effects  of  this  compound 
on  microorganisms,  fruit  flies,  and  mammals.  This  report  covers  only  the 
portion  dealing  with  fruit  flies  (Drosophila  melanogaster) . Other  data  have 
already  been  included  in  previous  technical  reports  (References  2,  3)  or 
will  be  included  in  a future  report. 

Drosophila  melanogaster  has  been  used  predominantly  as  an  organism  for 
genetic  studies.  However,  because  of  its  relatively  short  life  cycle 
(10  days  at  25“C'',  small  size  permitting  ease  of  handling,  relatively  small 
space  requirements,  and  its  ease  in  breeding  and  reproduction  which  allows 
sufficiently  large  numbers  of  organisms  to  permit  statistical  accuracy, 
Drosophila  has  a'.so  been  used  frequently  for  toxicity  studies  (References 
4,  5,  6,  7,  8). 


This  experiment  using  Drosophila 
two  parts:  Part  I -Effects  on  Adult 
Effects. 


as  the 
Flies, 


test  organism  was  conducted  in 
and  Part  II  - Reproductive 


: 
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SECTION  II 


METHODS  AND  MATERIALS 


PART  I - EFFECTS  ON  ADULT  FLIES 

On  21  April  1976,  40  250-inl  sterile  culture  jars  were  pvepared  by  adding 
15  grams  of  Carolina  Biological  Supply  Company  Instant  Drosophila  Medium, 
Formula  4-24®,  to  each  jar.  Concentrations  of  0 parts  per  .aillion  (ppm), 

1000  ppm,  2000  ppm,  3000  ppm,  and  4000  ppm  of  TAGN  were  prepared  in  distilled 
water  and  thoroughly  dissolved.  Fifty  ml  of  each  concentration  were  then 
added  to  each  of  eight  jars.  After  the  media  solidified,  a small  amount  of 
yeast  was  added.  Each  group  of  eight  jars  containing  a given  concentration 
of  TAGN  was  then  divided  into  replications  1 through  8. 

Specimens  of  Drosophila  melanogaster,  var.  wild,  of  less  than  48  hours 
age  were  then  anesthetized  and  separated  by  sex.  Ten  males  were  placed 
in  each  jar  of  replications  1 through  4 and  ten  females  in  each  jar  of 
replications  5 through  8 in  each  concentration  group.  After  the  flies  re- 
vived, the  jars  were  placed  in  an  environmental  growth  chair.ber  set  at  23°C 
and  a photoperiod  of  17  hours.  The  jars  were  monitored  for  several  hours 
to  determine  if  transfer  procedures  resulted  in  any  deaths.  The  number  of 
dead  flies  were  then  recorded  on  days  1,  2,  5,  7,  9,  and  1<  after  the  ex- 
periment was  initiated. 

PART  II  - REPRODUCTIVE  EFFECTS 

On  23  June  1976,  40  250-ml  sterile  culture  jars  were  prepared  by  adding 
15  grams  of  Carolina  Biological  Supply  Company  Instant  Drosophila  Medium, 
Formula  4-24®,  to  each  jar.  Concentrations  of  0 ppm,  100  ppm,  250  ppm, 

500  ppm,  and  1000  ppm  of  TAGN  were  prepared  in  distilled  water  and  thoroughly 
dissolved.  Fifty  ml  of  each  concentration  were  then  added  to  each  of  eight 
jars.  After  the  media  solidified,  a small  amount  of  yeast  was  added.  Each 
group  of  eight  jars  containing  a given  concentration  of  TAGN  was  then  divided 
into  replications  1 through  8. 

Specimens  of  Drosophila  melanogaster,  var.  wild,  were  '..hen  anesthetized 
and  separated  by  sex.  Five  males  and  five  females  were  then  placed  in  each 
jar.  After  the  flies  revived,  the  jars  were  placed  in  an  environmental 
growth  chamber  set  at  23®C  and  a photoperiod  of  17  hours.  The  jars  were 
monitored  for  several  hours  to  determine  if  transfer  procedures  resulted  in 
any  deaths.  Adult  flies  were  removed  from  the  jars  on  29  Tune  1976,  after 
a sufficient  number  of  eggs  had  been  laid.  No  flies  had  escaped  during  the 
5 days.  In  order  to  determine  the  effects  of  TAGN  on  the  development  of 
the  eggs,  the  number  of  pupae  and/or  larvae  on  the  sides  o'  the  glass  jars 
above  the  media  were  counted  5,  7,  13,  and  19  days  after  flies  were  initially 
placed  in  the  jars.  At  the  termination  of  the  experiment,  19  days  after 
flies  were  placed  in  the  jars,  the  adult  flies  in  each  jar  were  anesthetized 
and  counted. 
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SECTION  III 


RESULTS 

* PART  I - EFFECTS  ON  ADULT  FLIES 

The  number  of  dead  flies  in  each  jar  at  1,  2,  5,  7,  9,  and  12  days  after 

t initiating  the  experiment  are  shown  in  Appendix  I.  No  flies  died  as  a re- 

sult of  treatment  until  the  fifth  day  after  initiating  the  experiment.  An 
analysis  of  variance  of  the  probability  of  a death  by  day  was  performed  to 
determine  if  an  interaction  between  sex  and  TAGN  concentrations  were  sig- 
nificant at  the  95  percent  confidence  level.  It  was  determined  that  the 
sex  of  the  flies  lad  no  influence  on  the  death  rate.  As  expected,  sex  alone 
was  not  found  to  Oe  significant;  however,  death  due  to  concentration  of  TAGN 
alone  was  significant  at  the  95  percent  confidence  level.  During  the  progress 
of  the  experiment  some  flies  escaped  around  the  stoppers  in  some  jars,  which 
resulted  in  unequal  sample  sizes  toward  the  end  of  the  experiment.  Because 
of  this  difference  in  sample  size  and  the  fact  that  the  only  response  meas- 
ured was  whether  or  not  the  flies  lived  or  died,  a binomial  distribution  was 
used  to  analyze  the  daily  results.  All  statistical  analyses  were  performed 
at  the  95  percent  confidence  level. 

The  probability  of  death  due  to  TAGN  in  the  growth  medium  is  shown  for 
the  duration  of  the  experiment  in  Figure  1.  Table  1 shows  the  results  of 
a multiple  range  test  that  divides  means  by  statistical  difference.  On  day 
5 there  was  no  difference  in  the  number  of  dead  flies  between  the  control 
and  1000  ppm.  Tlie  three  highest  concentrations,  however,  had  significantly 
more  dead  flies  per  treatment  than  the  1000  ppm  treatment  although  no  dif- 
ference was  evident  between  the  3000  ppm  and  4000  ppm  treatments  at  that 
time.  On  days  7 and  9 the  1000  ppm  treatment  had  caused  more  deaths  than 
the  control,  and  the  4000  ppm  treatment  was  significantly  different  from 
the  3000  ppm  treatment.  There  was  no  difference  between  2000  ppm  and 
3000  ppm.  By  th<'  end  of  the  experiment  on  day  12  the  number  of  dead  flies 
in  each  treatment  were  significantly  different  from  the  rest,  with  the 
number  of  dead  flies  per  treatment  increasing  with  an  increase  in  con- 
centration of  TAGN. 

PART  II  - REPRODliCTIVE  EFFECTS 

The  number  o^  pupae/larvae  in  each  jar  at  5,  7,  13  and  19  days  after 
initiating  the  experiment,  and  the  number  of  flies  in  each  jar  at  the  ter- 
mination of  the  experiment  are  shown  in  Appendix  II.  Data  were  subjected 

• to  an  analysis  o'  variance  test  to  determine  when  differences  between  treat- 
ments became  sig.iificant . It  was  determined  that  a difference  at  a 99  per- 
cent confidence  ievel  occurred  between  treatments  beginning  on  day  5 and 

4 continued  throughout  the  experiment. 

The  treatment  means  were  then  compared  using  a (^Itiple  Range  Test  to 
show  where  differences  occurred.  Treatment  means  are  shown  in  Figure  2. 


On  day  5 no  significant  difference  was  observed  in  numbers  of  pupae/ larvae 
between  any  treatments  that  received  TAGN.  The  control,  however,  had  more 
pupae  per  jar  than  the  other  treatments.  By  day  7 the  number  of  pupae  in 
the  100  ppm  treatment  had  become  greater  than  in  the  higher  concentrations, 
but  not  as  high  as  the  control  treatment.  On  day  13  the  number  of  pupae  in 
all  treatments  were  significantly  different  from  each  other,  increasing  in 
number  with  a decrease  in  concentration  except  that  the  con  :rol  group  had 
fewer  pupae  than  the  100  ppm  treatment.  At  the  termination  of  the  experi- 
ment on  day  19,  no  significant  differences  were  apparent  between  the  control, 
100  ppm,  or  250  ppm  treatments.  However,  the  500  ppm  treatment  had  fewer 
pupae/larvae  than  any  of  those  treatments  and  the  1000  ppm  treatment  had 
fewer  than  the  500  ppm  treatment. 


Adult  flies  were  anesthetized  and  counted  at  the  termination  of  the 
experiment  on  day  19.  Treatments  with  TAGN  at  500  ppm  and  1000  ppm  had  the 
fewest  flies  per  jar  with  no  significant  difference  occurring  between  the 
two  treatments.  The  250  ppm  concentration  resulted  in  fewer  flies  per  jar 
than  the  control,  but  the  100  ppm  treatment  was  not  found  to  be  statistically 
different  from  the  control  treatment. 


SECTION  IV 
DISCUSSION 

TAGN  appears  to  be  relatively  non-toxic  to  Drosophila  as  compared  to 
data  from  the  previous  studies  (Reference  5)  on  other  compounds  that  are 
considered  toxic  to  the  species.  In  this  experiment,  concentrations  of  2S0 
ppm  in  the  growth  medium  were  required  in  order  to  affect  the  reproductive 
potential  of  Drosophila  as  measured  by  reduction  of  pupae/larvae  production. 
Increasing  the  concentration  to  1000  ppm  TAGN  in  the  medium  resulted  in 
almost  all  cessat5on  of  pupae  and  larvae  production  (Figure  2)  as  well  as 
an  approximate  50  percent  death  of  adult  flies  after  12  days  (Figure  1) . 
Concentrations  of  2000  ppm  TAGN  and  above  resulted  in  the  death  of  almost 
all  flies  by  the  twelfth  day  after  treatment.  Comparatively,  previous 
studies  (Reference  5)  have  shown  that  Aldrin®,  Dieldrin®^  Heptachlor®, 
and  Heptachlor  Epoxide®  required  less  than  0.15  ppm  in  the  meditun  for  a 
lethal  dose.  All  these  compounds  are  known  for  their  toxic  effect  to 
insects  such  as  Drosophila.  TAGN  is  obviously  much  less  toxic  than  these 
compounds . 

Although  this  study  alone  has  not  provided  sufficient  data  to  determine 
the  total  potential  environmental  hazards  associated  with  the  use  of  TAGN, 
it  does  indicate  ;hat  TAGN  is  relatively  low  in  toxicity  to  the  species 
studied.  Since  the  material  will  necessarily  be  handled  carefully  because 
of  its  explosive  classification,  the  toxicity  of  the  compound  does  not 
appear  to  present  a significant  environmental  or  handling  problem. 
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Figure  2.  Effects  of  TAGN  in  Growth  Medium  on  Production  of  Pupae/Larvae  of 

Drosophila  melanogaster,  Var.  Wild 
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TABLE  1.  RESULTS  OF  MULTIPLE  RANGE  TEST  SHOWING  THE  GIOUP  MEANS  OF  J 

NUMBER  OF  DEAD  FLIES  PER  JAR  IN  TREATMENTS  RECEIVING  VARIOUS  CONCENTRATIONS  ; 

OF  TAGN  (MEANS  WITHIN  PARENTHESES  ARE  NOT  SIGNIFICANTLY  DIFFERENT  ‘ I 

AT  THE  95  PERCENT  CONFIDENCE  LEVEL) 


« 


REFERENCES 


1.  JANAF  Thermochemical  Data,  The  Dow  Chemical  Company,  Thermal  Laboratory, 
Midland,  Michigan,  Series  A,  page  39,  June  1963. 

2.  Patrick,  Michael  A.,  Toxicological  and  Recalcitrant  Properties  of  a 
Proposed  Propellant  Ingredient,  Triaminoguanidine  Nitrate  (TAGN)  I. 
Microbiological  Study,  AFATL-TR-76-139,  November  1976. 

3.  Patrick,  Michael  A.,  and  Thomas  G.  Floyd,  Toxicological  and  Recalcitrant 
Properties  of  a Proposed  Propellant  Ingredient,  Triaminoguanadine  Nitrate 
(TAGN)  II.  Analysis  of  the  Deflagration  By-Products  of  a TAGN-Based 
Propellant,  AFATL-TR-76-161,  December  1976. 

4.  Sun,  Y.P.  and  J.E.  Pankaskie,  "Drosophila,  A Sensitive  Insect,  for  the 
Microbioassay  of  Insecticide  Residues",  Joum.  Econ.  Ent.,  47(1) ; 180-181 , 
1959. 

5.  Bartlett,  B.R.,  "A  New  Method  for  Rearing  Drosophila  and  a Technique  for 
Testing  Insecticides  with  This  Insect",  Joum.  Econ.  Ent.,  44(4) :621,  1956. 

6.  Hartzell,  A.  and  E.E.  Storrs,  "Bioassay  of  Insecticide  Spray  Residues 
in  Processed  Food",  Contrib.  Boyce  Thompson  Inst.,  16:47-53,  1950. 

7.  Servas,  Georgios,  "On  the  Toxicity  of  Insecticides  Against  First  Instar 
Larvae  of  the  Mediterranean  Fruit  Flies  and  Fruit  Flies  under  Breeding 

in  an  Artificial  Nutrient  Mediiun",  Z.  Angew  Zool,  58(3) : 297-362,  1971. 

8.  Soliman,  A. A.,  H.A.  Abdel-Rahman  and  Maissa  M.  Abdul-Kader,  "Selection 
of  Insecticide  Resistant  Strains  of  Drosophila  Melanogaster  Mg  and  Biological 
Changes  Achieved  During  Selection",  Bull  Entomol.  Soc.;  Egypt  Econ.  Ser.  5, 
145-154,  1971. 


9 


APPENDIX  A.  NUMBER  OF  TOTAL/DEAD  FLIES  PER  JAR 


Days  after  Initiating  Experiment 


Treatment 

Replication 

1 

2 

5 

7 

9 

12 

Control 

1 

10/0 

lO/O 

10/0 

10/0 

2 

10/0 

10/0 

10/0 

10/0 

10/0 

10/0 

3 

10/0 

10/0 

10/0 

10/0 

10/0 

10/0 

4 

10/0 

10/0 

10/0 

10/0 

10/0 

10/0 

5 

10/0 

10/0 

10/0 

10/0 

10/0 

6 

10/0 

10/0 

10/0 

10/0 

10/0 

10/0 

7 

10/0 

2/0 

2/0 

2/0 

2/0 

2/0 

8 

10/0 

10/0 

10/0 

10/0 

10/0 

10/0 

1000  ppm 

1 

10/0 

10/0 

10/3 

10/3 

10/4 

10/6 

2 

10/0 

10/0 

10/0 

10/0 

10/0 

10/0 

3 

10/0 

10/0 

10/0 

10/0 

10/7 

4 

10/0 

10/0 

10/0 

10/0 

10/0 

10/6 

5 

10/0 

10/0 

10/0 

10/2 

10/5 

10/9 

6 

10/0 

10/0 

10/0 

10/0 

10/0 

10/1 

7 

10/0 

10/0 

10/0 

10/0 

10/0 

10/4 

8 

10/0 

10/0 

10/0 

10/0 

10/1 

10/6 

2000  ppm 

1 

10/0 

10/0 

10/1 

8/6 

8/8 

8/8 

2 

10/0 

10/0 

10/0 

10/2 

10/10 

10/10 

3 

10/0 

10/0 

10/3 

10/6 

10/10 

10/10 

4 

10/0 

10/0 

10/0 

10/0 

10/0 

10/4 

5 

10/0 

10/0 

10/4 

8/8 

8/8 

8/8 

6 

* 9/0 

9/0 

9/3 

9/9 

9/9 

9/9 

7 

10/0 

10/0 

10/6 

10/9 

10/10 

10/10 

8 

10/0 

10/0 

10/6 

10/9 

10/10 

10/10 

3000  ppm 

1 

10/0 

10/0 

10/10 

10/10 

10/10 

10/10 

2 

10/0 

10/0 

10/10 

10/10 

10/10 

10/10 

3 

9/0 

ic 

* 

* 

★ 

* 

4 

10/0 

10/0 

10/0 

10/0 

10/2 

10/10 

5 

10/0 

10/0 

10/7 

10/10 

10/10 

10/10 

6 

10/0 

10/0 

10/0 

10/1 

10/3 

10/8 

7 

10/0 

10/0 

10/9 

10/10 

10/10 

10/10 

8 

10/0 

10/0 

10/5 

10/9 

10/10 

10/10 

4000  ppm 

1 

9/0 

9/0 

9/1 

9/7 

9/9 

9/9 

2 

10/0 

10/0 

10/10 

10/10 

10/10 

10/10 

3 

10/0 

3/0 

3/1 

3/1 

3/1 

1/1 

4 

10/0 

10/0 

10/4 

10/10 

10/10 

10/10 

5 

10/0 

10/0 

]0/10 

10/10 

10/10 

10/10 

6 

10/0 

10/0 

10/8 

10/10 

10/10 

10/10 

7 

10/0 

10/0 

10/4 

10/10 

10/10 

10/10 

8 

10/0 

10/0 

10/8 

10/10 

10/10 

10/10 

* Numbers  fewer  than  10 

indicate 

that  some 

flies  escaped. 

[ 
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APPENDIX  B.  NUMBER  OF  PUPAE/LARVAE  AND  ADULT  FLIES  PER  JAR 


Treatment 

Replication 

Days  after  Initiating  Experiment 

5 

■ 

13 

19 

Pupae/Larvae 

Adult  Flies 

Control 

1 

39 

507 

593 

679 

2 

40 

478 

494 

591 

3 

37 

474 

461 

620 

4 

87 

479 

514 

537 

5 

55 

461 

478 

540 

6 

63 

529 

548 

555 

7 

70 

452 

536 

540 

8 

20 

63 

525 

633 

645 

100  ppm 

1 

0 

29 

476 

609 

480 

2 

0 

21 

623 

632 

456 

3 

1 

32 

661 

698 

684 

4 

0 

46 

638 

659 

636 

5 

1 

51 

566 

603 

501 

6 

0 

22 

503 

575 

453 

7 

0 

7 

607 

653 

583 

8 

2 

72 

600 

681 

432 

250  ppm 

1 

0 

2 

516 

554 

552 

2 

0 

3 

165 

239 

231 

3 

0 

9 

368 

497 

364 

4 

0 

1 

449 

486 

367 

5 

0 

23 

316 

459 

326 

6 

0 

7 

361 

550 

353 

7 

0 

1 

436 

706 

419 

8 

0 

0 

336 

483 

303 

500  ppm 

1 

0 

1 

89 

103 

102 

2 

0 

0 

207 

276 

197 

3 

0 

0 

93 

127 

109 

4 

0 

0 

64 

113 

97 

5 

0 

0 

65 

86 

70 

6 

0 

1 

366 

395 

325 

7 

0 

0 

62 

74 

56 

8 

1 

2 

4 

4 

9 

1000  ppm 

1 

0 

0 

0 

0 

4 

2 

0 

0 

0 

2 

2 

3 

0 

0 

0 

0 

4 

0 

0 

0 

9 

0 

5 

0 

0 

0 

0 

0 

6 

0 

0 

0 

0 

3 

7 

0 

0 

0 

0 

8 

0 

0 

0 

0 

1 
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INITIAL  DISTRIBUTION 


DDC  12 
AUL  (AUL/LSE-70-239)  1 
ASD/ENFEA  1 
TAWC/TRADOCLO  1 
USAF(AF/SAMI)  1 
AFATL/DL  1 
AFATL/DLODR  1 
AFATL/DLODL  9 
Ogden  ALC/MMWM  2 
AFIS/INTA  1 
Veg  Con  Div  (SAF^A-CL-V)  1 
DDR5E  (Tech  Lib)  1 
USAFA/DFCBS  1 
AFLC/DS  1 
Deseret  Test  Center  (Tech  Lib)  1 
AFLC/MMNO  1 
SAAMA/SFQT  1 
NWC/Tech  Lib  1 
NWL/Dahlgren/Tech  Lib  1 
US  Dept  of  Ag/Ptsticide  Coord  1 
US  Dept  of  Ag/ARS  1 
AFSC/SDW  1 
DDR§E  (Env  § Life  Sciences)  1 
EA/SAMUEA-SA  1 
AFSC/DEV  1 
AEDC/DEE  1 
EA  (Tech  Lib) (E-3330)  1 
EA  (SAREA-CL-V)  1 
CINCPAC/Research  and  Analysis  1 
USAF  (Environ  Health  Lab)  1 
NASA  Mississippi  Test  Facility  1 
ADTC/CSV  1 
ADTC/DLV  10 
AMD  (RD)  1 
USA  Natick  Lab  1 
AMRL  (THE)  1 
AFCEC/CEEDO-Det  1 2 
AMRL-THT  1 
ADTC/DEN  1 
ADTC/SGPE  1 
Hq  TAC/DRA  1 
Hq  USAFE/DOQ  1 
flq  PACAF/DOO  1 
TAC/INA  1 
ASD/XRP  1 
US  Army  TRADOC  Systems  Analysis 

Activity/ATAA-SL  (Tech  Lib)  1 
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